Abstract-The increasing environmental concern has created a situation where the system operator is forced to include more non pollutant, renewable energy resources to fulfill the power demand. With increasing penetration of non conventional/ renewable energy resources, the burden on thermal generation can be considerably reduced and thus with reduced emission, the environmental security can be preserved. In this context the optimal scheduling and operational analysis of hydro-thermalwind (HTW) integrated power system is carried out to demonstrate the economic and voltage secure system operation using intelligent optimization techniques.
INTRODUCTION
The integration of wind power with conventional fossil fuel based generation system (Thermal generating units) has several benefits in terms of environmental friendliness and security in system operation. But the unpredictability and intermittency of actual available wind power has the ability of making the power system operation vulnerable. Moreover, as there is only the thermal power generation systems to compensate for meeting the deficit of wind power in wind-thermal (WT) system operation during the over prediction of wind power, the system operator does not have any other options for generating resources. But this in turn may be a threat to environment due to increased emission. Therefore, some other forms of renewable energy resources may be considered for their integration into the power system. In this context, the hydro-electric energy is the most conventional form of renewable source which has already been widely used worldwide. Further, apart from the power generating potential of hydro storage systems, it has several other contributions to the general development, economic progress and welfare of the society. Some of the more general advantages of properly harnessing and utilizing hydro resources are as follows 1.
Flood and draught control. 2.
Irrigation requirement in farming. 3.
Cater to the needs of portable water and industrial consumption. In addition to the above, hydro resources, when used for power generation, provide many benefits.
Three most prominent reasons for their use are as follows.
1. No air pollution due to absence of combustible fuel, and therefore no fuel cost. 2. Hydro power generators have the unique ability to ramp up its power output at a faster rate compared to an equivalent capacity thermal unit. Therefore, it is more efficient in meeting changing demands for electricity. 3. Safer power plants compared to thermal, diesel and nuclear power plants. 4 . Good potential of their use in distributed generation scenario, as hydro power from micro to mega range is possible.
The proposed hydro-thermal-wind (HTW) power scheduling aims at determining optimal hydro, thermal and wind generations in order to meet the load demands over a scheduled horizon of one day, satisfying various constraints on the hydraulic and wind-thermal power system network. The goal is to minimize total operation costs of the hybrid (HTW) system. The problem therefore becomes an optimization problem with highly nonlinear characteristics.
The extent to which large scale integration of wind energy in electric power systems will affect system costs and reliability may depend greatly on the availability of sources that can rapidly change the electricity output [1] [2] [3] . Due to their capacity for energy storage, low marginal costs, and fast ramp rates, hydroelectric systems are often regarded as an ideal resource for mitigating problematic issues related to wind's intermittency and unpredictability [4] . In recent years, researchers have investigated a wide range of topics concerning the coordinated use of wind and hydropower. However, the development of wind-hydro models remain a limiting factor in addressing numbers of unanswered questions in the area of voltage security and cost beneficial operation of hybrid power systems. Previous researches of wind-hydro projects presented a conceptual classification of the system in terms of pair-wise and system-based studies [5] . Pair-wise classification evaluates the benefits of operating the wind-hydro projects in isolated environment [6] . Advanced pair-wise studies have represented the incorporation wind-hydro projects' to larger electric power systems using historical market prices. These include the value of energy storage in wind-hydro systems [7, 8] ; the pecuniary and environmental costs of dams' providing a wind firming service [9] ; using dams to enhance wind market penetration [10] ; and the use of multipurpose dams to integrate wind energy [11] . However, the pair-wise studies are generally less capable of capturing the more complex, endogenous economic and operational consequences of large scale wind integration for generators and consumers [12] .
More comprehensive system-based models simulate the effect of integration of wind power on the operation of entire electric power systems. The power system may be consisting of many different sizes and types of generators. Thus they offer the significant advantage of being able to simulate changes in system costs that may occur as a result of wind power integration. Thus the way these changes could influence the working of hydroelectric system can be analyzed. Some of the instances of system-based studies incorporate investigations of the impacts of wind-hydro ventures on: the value of wind energy [9] ; and the cost of reducing CO2 emissions [10] .
Considering the system-based wind-hydro approach, considerable gaps in analysis remain as to what is the impact of wind-thermal integration on hydropower resources. For example: in some of the states of USA, less than 10% of total annual electricity demand is fulfilled by hydro resources. Therefore, consideration of hydro dominant system-based wind-hydro studies where hydropower meets a larger percentage of total system generation may not be prolific. As per the knowledge of the authors, no system-based study has yet addressed the potential of increased wind penetration on security, reliability and operational economy of HTW system. Investigation of these topics require models that can simulate the effects of wind power integration on hydro-thermal power system under a variety of operating conditions, while also satisfying the constraints of HTW generation system.
Though many researchers have focussed on modelling and solving the short term hydro-thermal (HT) scheduling problem using intelligent optimization techniques a few researchers have investigated the optimal operation of (i) wind-thermal (WT) generation system [13] [14] [15] [16] and (ii) hydro-thermal-wind generation system [17] in OPF/ED/UC framework . Thus, in this work an attempt is taken to model and demonstrate the above issue in on optimal power flow framework while optimizing the suitably formulated operational objectives with DE, FPA, and MBFA algorithms.
II. TEST SYSTEM UNDER CONSIDERATION
The system under consideration is the IEEE-30 bus power network. It has six number of generators and 41 transmission lines. Generator at bus1 and 2 are thermal generating units while that installed at 8 th bus is modeled as an hydro powered with an installed capacity of 40 MW. The test system is further modified by replacing thermal units with same capacity wind farms located at fifth, eleventh and thirteenth buses. Each wind farm (WF) consists of several wind turbine generators (WTG) equipped with DFIGs. In this work, WF at bus number 5 consists of ten WTG (each of 3 MW) having a total capacity of 30 MW. Similarly WF at bus numbers11 and 13 each consist of eight WTG of 3 MW capacities with total capacities of 24 MW each.
III. FITNESS FUNCTION FORMULATION
Mathematically, the objective function may be represented as Minimize = ℎ + + (1) In the above expression, Fst is the total system operation cost.
Fth is the cost of thermal power generation.
Fwp is the cost of wind power generation. pfc is the penalty function for penalizing any constraint violation. Subject to constraints:
Equations (2) and (3) denote the load balance equation for both real and reactive powers respectively. Equations (4) and (5) refer to the limiting values (min and max) of real and reactive power limits of thermal generating units. Further, (6) explains the limits within which the system voltage magnitude varies. Variations of real and reactive power output of wind powered units are indicated by (7) and (8). In equations for hydro units represented by (9)-(13), the subscript k refers to the k th hydro unit, and j refers to the j th interval in the scheduling horizon. Equation (9), (10) and (11) represent the operating limit of hydro powered unit, reservoir capacity constraint and water discharge constraint respectively. The hydraulic continuity constraint and hydro power generation constraints are depicted by (12) and (13) respectively. For making the analysis simpler, the spillage rate for the hydraulic system has not been taken in to consideration. The mathematical formulation of terms used in (1) may be presented as The detailed explanation of the above mentioned equations may be referred from [].
The proposed scheduling approach
The HTW scheduling approach may be described as  Using weibull probability distribution function, the wind speed and corresponding wind power available is evaluated.  The hydro discharge volume of k th unit at j th scheduling horizon is computed by using the hydraulic continuity equation (12). During this horizon, the spillage is assumed to be zero.  Knowing the amount of water discharge, the reservoir volumes at different intervals are determined and hydro power generation is calculated using (13).  Finally after obtaining the hydro and wind power generation for satisfying the load demand, the thermal power generation is evaluated using (2).
IV. BRIEF INTRODUCTION TO OPTIMIZATION METHODOLOGIES
For the evaluation of optimal generation schedule at which simultaneous minimization of cost of system operation and maintaining a stable and improved voltage can be possible, the fitness function as illustrated by (1) 
FPA
FPA proposed by X. S. Yang is based on survival of the fittest member and the optimal reproduction of plants in terms of numbers as well as the fittest one. There are two key steps in this algorithm; namely global pollination and local pollination. The different stages of FPA may be summarized as follows 1 ) Global pollination may be represented by biotic cross-pollination, and movement of pollen-carrying pollinators is done according to Lévy flight. 2 ) Local pollination is realised by abiotic and self-pollination. 3 ) Pollinators can extend flower constancy, which is comparable to the probability of reproduction that is proportional to the resemblance of two flowers concerned. 4 ) A switch probability p ∈ [0, 1]may control the interaction of local pollination and global pollination. Procedural details of FPA may be referred from [20] [21] .
MBFA
The idea of BFA is based on the fact that natural selection tends to eliminate animals with poor foraging strategies and favour those having successful foraging strategies. After many generations, poor foraging strategies are either eliminated or reshaped into good ones. The E. coli bacteria that are present in our intestines have a foraging strategy governed by four processes, namely, chemotaxis, swarming, reproduction, and elimination and dispersal. With few modifications introduced in BFA, the modified version of BFA is developed which is elucidated in [13] . The superiority of MBFA compared to other competent heuristics, swarm based evolutionary algorithm has been demonstrated in [13] [14] [15] [16] [17] .
V. SIMULATION RESULTS AND DISCUSSION
The objective function as mentioned in (1) is subjected to optimization with three above mentioned optimization techniques. The best set of operating scenarios in terms of achieving the operational economy, superior voltage profile and faster operation is compared among the three techniques. Fig.1 shows the optimized cost of operation where MBFA is converged at 3401.9$/hr where as FPA and DE optimized schedules have managed to converge at 3404.5 $/hr and 3407.7$/hr respectively. With the same optimized schedule, a better system voltage profile is depicted by MBFA as compared to others which is illustrated in Fig.2 . The statistical analysis of system voltage obtained in Fig.2 is shown in Table. 2. It may be seen from Table. 2 that both the mean and minimum system voltage obtained with MBFA schedule is higher as compared to DE and FPA schedule. Similarly SD of system voltage is comparatively lower in MBFA schedule. From Table. 2, the time taken during optimization process to get the optimal schedule may be observed. It shows that among the three intelligent approaches, MBFA has shown the faster operating time as compared to others. All the above mentioned facts demonstrate the competency and superiority of MBFA technique in achieving cost effective, voltage secure and faster operation. VI. CONCLUSION In an attempt to reduce the burden on thermal generation facilities , to fulfill the load demand in a environmental secured manner and to counteract the intermittency of wind powered generators, hydro power generation units are incorporated in the proposed work. But modeling and getting the optimal solution in such a hybrid environment becomes a challenging task as the solution has to meet all the operational constraints. Therefore intelligent techniques such as MBFA, FPA and DE are implemented to find the optimal operational paradigm where different objectives can be satisfied. All the simulations are carried out in MATLAB environment and the results demonstrate the supremacy of MBFA in getting a faster, better and cost effective solution along with improved voltage stability. Thus MBFA may be used by system operator during real time operational analysis of power system scheduling and may be considered as a decision supporting tool. 
